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Abstract 
Aim of the project was the development of a technology roadmap for solar thermal cooling in Austria involving the 
relevant market players. The main contents of the technology roadmap are the compilation of the initial position in 
terms of existing solar thermal cooling plants as well as relevant R&D results, identification of market potentials, 
technology development and the necessary measures for it. The technology developments are described in short term, 
medium term, and long term objectives as well as the connected market relevance for Austria and the economic 
development of this technology. Scenarios for a useful interaction with other sustainable thermal cooling technologies 
like cooling with district heating are analyzed to clarify the future position of solar thermal cooling in the Austrian 
energy supply. The market player of this technology reach from component manufactures (solar thermal collector, ab-
/-adsorption chillers, ventilation systems, storages, control, etc.), business enterprises (hotels, breweries, laundries, 
supermarkets, etc.), building developers and consultancy engineers to research institutions, energy agencies and 
political decision makers. All of these groups were involved in the development of the technology roadmap by expert 
workshops and interviews. 
 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of PSE AG 
 
Keywords: Roadmap solar thermal cooling; solar heating and air-conditioning of buldings; policy issues 
Available online at www.sciencedirect.com
© 2012 The Authors. Published by Elsevier Ltd.
Selection and/or peer-review under responsibility of PSE AG
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
 Anita Preisler et al. /  Energy Procedia  30 ( 2012 )  1422 – 1431 1423
1. Introduction
Worldwide the cooling and air-conditioning demand of buildings becomes more and more important.
Also for Austria a study (Haas, Biermayr, Kranzl, Müller, & Schriefl, 2007) is predicting a dramatically
increase on energy demand for cooling and air-conditioning of buildings (see Fig. 1). These scenarios do 
not even take the effects of climate change into account, which will also lead to an increasing cooling
demand. Furthermore, the higher electricity demand for cooling of buildings causes summer peaks, which
may lead to high electricity prices and grid connected problems as black-outs. To counteract this 
development on the one hand the cooling demand of buildings must be kept as low as possible; on the
other hand the remaining cooling demand must be covered with alternative, environmentally friendly
cooling technologies.
Fig. 1. Predicted increase of electricity consumption in Austria caused by air-conditioning of buildings in Austria (Haas, Biermayr,
Kranzl, Müller, & Schriefl, 2007)
Solar thermal cooling is one possibility to cover the cooling demand of buildings, which has the
advantage of seasonal simultaneity of solar irradiation and cooling demand. Furthermore, in our climate
solar thermal systems can be used not only for cooling, but also for domestic hot water preparation and
heating support all over the year.
Currently, there are hardly any comparable strategies from other countries available focusing on the 
market penetration of this new technology, but it can be noticed that more and more component producer 
of different branches change their product portfolio to products from the renewable energy sector. The
developed technology roadmap outlines the possible short term, medium term and long term development 
of the Austrian market with the necessary measures for solar thermal cooling.
2. Methodology
The following approach was accomplished to develop a technology roadmap for solar thermal cooling
in Austria:
1. Assessment of initial position 
Within the assessment of the initial position a picture of the present existing technologies for solar
thermal cooling and the used components was prepared. Therefore, technical data and available cost data
of the existing plants in Austria were compiled, as well as current research results in this field.
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Furthermore, present weaknesses of the solar cooling technology in terms of energy efficiency and 
operation could be assembled by using these sources. 
2. Expert workshops  
The aim of these expert workshops was to set up a common approach to promote solar thermal cooling 
technology until the year 2020 with short, medium and long term goals. 
 
The workshops were divided in two main topics:  
x Scenarios for market and technological development  
x Scenarios for Austrian market relevance and cost trends 
The result of these expert workshops was a first draft of a technology roadmap for solar thermal 
cooling in Austria. 
3. Evaluation by market players  
This first draft of a technology roadmap was then evaluated by relevant market player on the basis of 
interviews. The target groups were thereby component manufacturers (solar thermal collectors, ab-
/adsorption chillers, ventilation systems, storages, control etc.), real estate developers, planners and 
research institutions. For the evaluation done by each target group adapted interview manuals and 
questionnaires were provided. 
4. Packages of measures  
Based on the results of the expert workshops and the interviews, a catalogue of measures for the 
following fields were developed: 
x Catalogue of measures for technology development 
x Catalogue of measures for market penetration 
x Catalogue of measures to promote innovation 
3. Results 
Table 1 shows in a first step scenarios for potential energy and CO2 savings by the used cooling energy 
(cold side) of solar thermal cooling instead of conventional cooling technologies. Therefore, the 
substitution of 5%, 10% and 20% of the electricity consumption caused by conventional cooling 
technologies were analyzed. Starting point for these computations is the predicted electricity consumption 
for air-conditioning of buildings with conventional cooling technologies for 2030 in Austria (see Fig. 1) 
and an electrical Coefficient of Performance (COPel) for the cooling systems between 2.7 and 3.5. To 
assess the resulting CO2 savings a CO2 emission factor of 0.680 kgCO2/kWhfinal energy was used. 
 
The electrical COP is defined as: 
 
 
(1) 
 
Qcooling… useful cooling energy [kWh] 
Eel…  electricity consumption [kWh]  
 
Scenario 1 describes solar thermal cooling systems which are currently available on the market and use 
standard components for the main electricity consumers (heat rejection, pumps, control). Usually, for this 
kind of systems no system optimization during operation happens. The resulting energy savings are 
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approx. 20% compared to systems with conventional cooling technologies (Sparber, Napolitano, Eckert,
& Preisler, 2009).
In the solar thermal cooling systems of scenario 2 are also technologies used which are already 
available on the market, but with energy efficient components and an optimization phase during
operation. Recent monitoring results showed that much higher energy savings (> 40%) can be achieved
with this kind of systems (Preisler, Thür, Neyer, & Hilbert, 2012). 
Scenario 3 takes – additionally to the measures for increased energy efficiency of scenario 2 – into
account that new technology developments in the field of ab-/adsorption chillers, heat rejection, Desiccant 
Evaporative Cooling (DEC) systems, solar collectors and storages will increase the efficiency of solar
thermal cooling systems significantly. Estimated energy savings of > 60% can therefore be achieved.
Table 1. Scenarios of CO2 savings by solar thermal cooling systems, 2030 (Preisler, et al., 2012)
% GWh/a GWh/a t CO2/a GWh/a t CO2/a GWh/a t CO2/a
5 93.8 18.8 12'750 37.5 25'500 56.25 38'250
10 187.5 37.5 25'500 75.0 51'000 112.5 76'500
20 375.0 75.0 51'000 150.0 102'000 225 153'000
Substitution of electricity
consumption caused by
conventional cooling technologies
COPel 2.7 - 3.5
Scenario 1:
20 % Savings
COPel 3.4 - 4.4
Scenario 2: 
40 % Savings
COPel 4.5 - 5.8
Scenario 3:
60 % Savings
COPel 6.8 - 8.8
In a next step CO2 savings achieved by domestic hot water preparation (DHW) and heating support 
from the solar thermal cooling plants described in Table 1 are also considered. Fig. 2 and Fig. 3 show the
specific energy supply by absorption chiller systems and DEC systems for different applications
(hospitals, hotels, office buildings and commercial buildings) which can be expected in the Austrian 
climate (Preisler, Selke, Sisó, LeDenn, & Ungerböck, 2008). The solar fractions for DHW, heating
support and cooling vary in the here chosen solar thermal cooling system configurations between 3% and
58%.
Fig. 2. Used heat from solar thermal system with absorption technology in Austria, FPC-flat plate collectors, ETC-evacuated tube
collectors (Preisler, Selke, Sisó, LeDenn, & Ungerböck, 2008)
1426   Anita Preisler et al. /  Energy Procedia  30 ( 2012 )  1422 – 1431 
Fig. 3. Used heat from solar thermal system with DEC technology in Austria (Preisler, Selke, Sisó, LeDenn, & Ungerböck, 2008)
Fig. 4 shows the potential CO2 savings for the cooling demand of 2030 in Austria (see Fig. 1) by using 
solar thermal cooling instead of conventional technologies as compression chillers and gas boilers. Here,
20% of the electricity consumption caused by conventional cooling technologies was substituted with
high energy performance solar thermal cooling systems (COPel > 7). Fig. 4 makes clear that the heating
support and DHW can significantly contribute to the reduction of CO2 emissions by introducing solar 
thermal cooling system in Austria.
Fig. 4. CO2 saving potential for solar thermal cooling systems in Austria (Preisler, et al., 2012)
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The recommended measures for technology development are divided to the following actions (see Fig.
5 and Fig. 6):
x Ab-/adsorption chillers
x Heat rejection
x DEC-Systems
x Solar thermal system
x Storages
x System optimization
Fig. 5. Short term catalogue of measures for technology development (1-5 years) (Preisler, et al., 2012)
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Ab-
/adsorption 
chillers
•Development of high efficient heat exchanger for direct heat rejection
•Development of direct air-cooled absorption chillers with low driving
temperatures
Heat rejection
•R&D activities to optimise heat rejection devices : size, hygienic issues,
electricity demand, maintenance, noise emissions, safety, usage of heat 
rejection energy, alternative heat rejection also for large plants
Solar thermal 
system
•Development of high efficient flat plat collectors, vacuum tube collectors
and film based concentrated collectors with  corresponding hydraulics
Storages
•Research in new materials
•Optimization of material and heat transfer
•Development tools for dynamic behaviour
System 
optimization
•Standardized hydraulic concepts
•Standardised quality criteria for system optimization
•Standardised design of hybrid systems
•Package solutions for a large range of capacities
•Development of simple software tools for system design
Fig. 6. Medium and long term catalogue of measures for technology development (10-20 years) (Preisler, et al., 2012)
The recommended measures for market penetration are divided into the following actions (see Fig. 7
and Fig. 8):
x Representation of interest
x Demonstration plants
x Dissemination activities
The recommended measures to promote innovation are divided into the following actions (see Fig. 9
and Fig. 10):
x R&D funding
x Investment promotion
x Evaluation promotion
x Coupling funding
x Quality dependent funding
x Potential studies
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Fig. 7. Short term catalogue of measures for market penetration (1-5 years) (Preisler, et al., 2012)
Fig. 8. Medium and long term catalogue of measures for market penetration (10-20 years) (Preisler, et al., 2012)
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R&D funding
•Development of a priority program for solar thermal cooling
•Research at component level and system level
Investment 
promotion
•Allocation of budgetary funds for 100 installations in Austria to reduce
waiting times for innovation funding
•Funding for planning and monitoring processes
Evaluation 
promotion
•Energy monitoring of the installations by remote control as well as 
monitoring evaluation for quality assurance
•Modification of funding scheme into ¾ investment funding and ¼
performance funding
Coupling 
funding
•Evaluation of coupling possibilities between solar thermal cooling and other 
technologies (e.g. district heating, waste heat)
Fig. 9. Short term catalogue of measures to promote innovation (1-5 years) (Preisler, et al., 2012)
Fig. 10. Medium and long term catalogue of measures to promote innovation (10-20 years) (Preisler, et al., 2012)
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4. Conclusions 
Technology strength in solar thermal cooling has been built up in the last 5 to 10 years in Austria. The 
goal now is to get from currently few demonstration sites into a broader market penetration with 
competitive plants to compression cooling. DEC technology has a high potential in Austria especially in 
winter, due to heat and humidity recovery.  
CO2 savings of solar thermal cooling systems in Austria are mainly achieved by domestic hot water 
preparation and heating support, not by the cold side. Therefore, only SolarCombi+ systems which are 
using the solar thermal energy for these three purposes should be realized in Austria. 
Recommended measures: 
x R&D on component and system level to increase COPel of systems 
x Initiation of solar thermal cooling funding program 
x Investment funding for demonstration sites with high replicability 
x Setting up quality assurance procedures 
x Training and education measures for planners and installers 
The technology roadmap for solar thermal cooling in Austria (language: German; abstract: English) is 
now available at the AIT website (http://www.ait.ac.at/energy; downloads in right column).  
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